We detected flaring flux variability that regularly occurred with the period of 23.9 days on a 6.7 GHz methanol maser emission at V lsr = 25.30 km s −1 in G 014.23−00.50 through highly frequent monitoring using the Hitachi 32-m radio telescope. By analyzing data from 05 January 2013 to 21 January 2016, the periodic variability has persisted in at least 47 cycles, corresponding to ∼1,100 days. The period of 23.9 days is the shortest one observed in masers at around high-mass young stellar objects so far. The flaring component normally falls below the detection limit (3σ) of ∼0.9 Jy. In the flaring periods, the component rises above the detection limit with the ratio of the peak flux density more than 180 in comparison with a quiescent phase, showing intermittent periodic variability. The time-scale of the flux rise was typically two days or shorter, and both symmetric and asymmetric profiles of flux variability were observed through intraday monitoring. These characteristics might be explained by a change in the flux of seed photons by a colliding-wind binary (CWB) system or a variation of the dust temperature by an extra heating source of a shock formed by the CWB system within a gap region in a circumbinary disk, in which the orbital semi-major axes of the binary are 0.26-0.34 au.
Introduction
Periodic flux variability of the methanol masers was first discovered in G 009.62+00.19 E, i.e., periodic variability with the interval of 246 days (Goedhart et al. 2003 ; modified to 243.3 ± 2.1 days in Goedhart et al. 2014) . So far, the periodic flux variability of the methanol masers has been detected in 20 sources (including quasi-periodic ones). Their periods range from 29.5 to 668 days (Goedhart et al. 2004 Araya et al. 2010; Szymczak et al. 2011 Szymczak et al. , 2014 Szymczak et al. , 2015 Szymczak et al. , 2016 Fujisawa et al. 2014a; Maswanganye et al. 2015 Maswanganye et al. , 2016 . Patterns of the variability have been classified into two categories: the sinusoidal one, and the intermittent one with a quiescent phase. Such periodic flux variability was also observed in other masers, i.e., silicon monoxide in Orion Kleinmann-Low (KL) (Ukita et al. 1981) , formaldehyde in IRAS 18556+0408 (Araya et al. 2010) , hydroxyl in G 012.88+00.48 (Green et al. 2012a) , and water in IRAS 22198+6336 (Szymczak et al. 2016) , and variations of these lines except for the silicon monoxide were synchronized with the variations of methanol masers in the same sources. The periodic variability, therefore, must be a common phenomenon at around high-mass (proto-)stars, but appears in limited conditions. Because of their short timescale, the periodic variability is potentially important in studying high-mass protostars and their circumstellar structure on spatial scales of 0.1-1 au, which are estimated under the condition of Keplerian rotation.
Four models have been proposed for interpretations of the periodic flux variability, in the point of view that variations of (multiple) spectral components are synchronized with 1-14 days' delay in some sources, possibly caused by global variation on a central engine: a colliding-wind binary (CWB: van der ; van der Walt 2011), a stellar pulsation (Inayoshi et al. 2013; Sanna et al. 2015) , a circumbinary accretion disk (Araya et al. 2010) , and a rotation of spiral shocks within a gap region in a circumbinary disk (Parfenov & Sobolev 2014) . The first model is based on changes in the flux of seed photons, while the remaining three ones are based on changes in the temperature of dust grains at the masing regions.
Long-term and frequent flux monitoring was conducted toward source samples only less than 20%, which was estimated from ∼200 sources (e.g., Goedhart et al. 2004; Szymczak et al. 2015; Maswanganye et al. 2016 ) in more than 1000 methanol masers samples (e.g., Pestalozzi et al. 2005; Xu et al. 2009; Caswell et al. 2010 Caswell et al. , 2011 Green et al. 2010 Green et al. , 2012b Olmi et al. 2014; Sun et al. 2014; Breen et al. 2015 , and references therein). Furthermore, most of the monitored sources have been selected simply by their peak flux densities > 5 Jy in Szymczak, Wolak, and Bartkiewicz (2015) . We initiated a long-term, highly frequent, and unbiased monitoring project using the Hitachi 32-m radio telescope (Yonekura et al. 2016 ) on 30 December 2012 toward a large sample of the 6.7 GHz methanol masers (442 sources) that are located in declination > −30
• . The observations have been carried out daily, monitoring a spectrum of each source with intervals of 9-10 days. The detailed results of this project will be reported in forthcoming papers. In this paper, we focus on remarkable flux variability detected in the 6.7 GHz methanol masers associated with G 014.23−00.50 (hereafter G 014.23).
The 6.7 GHz methanol maser emission in G 014.23 was discovered by the methanol multibeam survey toward the galactic longitude 6−20
• (Green et al. 2010) . G 014.23 is located in the infrared dark cloud (IRDC) G 14.225−00.506, which is first identified by Peretto and Fuller (2009) as a proto-OB association (Povich & Whitney 2010) . This IRDC, also recognized as M17 SWex (Povich & Whitney 2010) , is part of extended (∼ 80 pc × 20 pc) and massive (> 10 5 M⊙) molecular clouds discovered by Elmegreen and Lada (1976) and is located at the southwest of the Galactic H II region M17. The distance to M17 has been estimated to be 1.98
+0.14 −0.12 kpc through trigonometric parallaxes of the methanol masers (Xu et al. 2011 Shirley et al. 2013 ) and the absorption of H2CO (V lsr ∼ 19-20 km s −1 : Sewilo et al. 2004; Okoh et al. 2014) . Based on these results, we adopt the distance of G 014.23 to be 2 kpc in this paper. The methanol maser emission is detected at "Hub-N", a denser dust region where two filaments intersect within the size of ∼1 pc (Busquet et al. 2013 ) and the total mass of ∼10 3 M⊙ ). This region exhibits signs of active star formation, such as higher temperature in NH3 line emissions (Trot ∼ 15 K) and larger non-thermal velocity dispersion (σNT ∼ 1 km s −1 ) than those of the filaments in other regions (Trot ∼ 11 K, σNT ∼ 0.6 km s −1 ) (Busquet et al. 2013 ).
Among the five-times observations toward G 014.23 by Green et al. (2010) , the methanol masers were detected only twice, being interpreted as flaring in flux variations. The water maser emission at 22.2 GHz was also detected in the same dusty area Hub-N in the IRDC G 14.225−00.506 (Wang et al. 2006) . Figure 1 shows the methanol and water masers positions superposed on the dust emission at λ = 1.3 mm obtained using the submillimeter array (SMA: Busquet et al. 2016) , with the positions of pre/proto-stellar cores identified using the atacama large millimeter/submillimeter array (ALMA) at λ = 3 mm (Ohashi et al. 2016 ) and young stellar objects (YSOs) identified by Povich and Whitney (2010) . In the high-resolution observations using the SMA, the water masers are presented as being associated with the brightest dust condensation MM1a with the mass of ∼13 M⊙, while in the ALMA observation the methanol masers are associated with a proto-stellar core with the mass of ∼13 M⊙. The proto-stellar core includes an intermediatemass YSO G014.2300−00.5097 (Povich & Whitney 2010 (Wang et al. 2006: blank triangle) and YSOs identified as the evolutionary stage 0/I (asterisk) and II (cross) by Povich and Whitney (2010) are shown in the map. Their positional uncertainties were ∼0. ′′ 01 and ∼0. ′′ 3. The masers and YSOs are superposed on the contour map of the dust emission at 1.3 mm obtained using the SMA , which is represented with the same contour levels used in the right panel of their figure 2 (from 3 to 21σ in steps of 3σ, and from 21 to 51σ in steps of 10σ, where σ is the rms of the map 1 mJy beam −1 ).
Their synthesized beam is 1. ′′ 46×0. ′′ 46 (position angle of −78
• ), and their positional uncertainties are less than 1 ′′ . The peak positions of pre/protostellar cores identified using the ALMA at 3 mm (Ohashi et al. 2016 ) are shown by large crosses (the synthesized beam of 3. ′′ 7×2. ′′ 0 ).
as the stage 0/I according to the definition by Robitaille et al. (2006) , suggesting that infalling activities from a surrounding envelope are still dominant. Furthermore, an excess in 4.5 µm band is also detected at this intermediate-mass YSO, and it might be due to unresolved analogs of the extended green objects, which are candidates of active outflows ejected from highmass YSOs at an early evolutionary phase (Cyganowski et al. 2008) . These characteristics imply that this intermediate-mass YSO accompanied by the methanol masers is a precursor of a B-type star on the main sequence (Povich & Whitney 2010) .
In this paper, we discuss remarkable flux variability detected in the 6.7 GHz methanol masers of G 014.23. The structure of this paper is as follows: in sections 2 and 3, we present observations and results with data reduction for determination of periods, respectively. In section 4, we discuss suitable models to explain the remarkable flux variability. 
Observations

Periodic monitoring at 10-day intervals
We made flux monitoring with intervals of 9-10 days, the time range of which is listed in respectively) . The stability of the system was evaluated by daily monitoring of the 6.7 GHz methanol masers in G 012.02−00.03 and G 069.52−00.97 (Onsala 1) in the same periods. Their peak flux densities were stronger than 100 Jy and stable whose variations were smaller than 10% during the periods. The variations were estimated from the modulation index expressed as the standard deviation normalized by the averaged value of flux densities in each source. As a result, the stability of the observational system is estimated to be better than 15%.
Intraday monitoring
We carried out intraday monitoring in five epochs (table 1) with the same observational setup as that described in section 2.1, except for the azimuth and elevation angles. The intraday monitoring is classified into the periods 0 and I-IV; the former was made before an evaluation of the periodicity while the latter were made after the evaluation. In the period 0 in 2014, we focused on investigating whether there occurred flux variations weaker than 0.9 Jy, which was equal to the detection limit (3σ) with the integration time of 5 min. The observational cycle of 10.5 min that consists of 5 min for the target source, half a minute for slewing, and 5 min for the off source was repeated during the elevation angles > ∼ 30
• until 27 April (MJD 56774) and ≥ 15
• from 28 April (MJD 56775). The detection limits of 3σ = 0.15-0.20 Jy were achieved in each observational day by integrating all the scans. On the other hand, in the periods I-IV in 2015, we focused on measuring accurate time-scale of rises and decays of flux densities and profiles of flux variations during each period. The maser G 014.10+00.08 was used as a calibrator, located close to the target with the separation angle of 36. ′ 6. Its peak flux densities were 70-80 Jy and stable whose variation was smaller than 10% during each period. The cycle consisting of ∼11 min single-point observation of G 014.23 (5 min on-source and 5 min off-source) and ∼15 min nine-point cross-scan of G 014.10+00.08 was repeated during the elevation angles ≥ 15
• to calibrate pointing errors and atmospheric effects. Solutions for the calibration obtained within two to three days at the beginning of each period were applied to all the data during the periods.
Results
First of all, we made an average spectrum of G 014.23 by integrating all observational data to identify spectral components, as shown in figure 2. This average was weighted by σ −2 , an inverse square of rms noise level. From the intraday monitoring described in section 2.3, we picked up one 5-min scan for each day observed at the same azimuth and elevation angles (169 • ,
35
• ) as the periodic monitoring in section 2.1 and 2.2. This procedure provides us with a chance for handling all the data equally without being biased toward data during flares. As a result, the average spectrum was obtained from 504 scans of 5 min duration, or 42 hrs (2,520 min) integration time in total, achieving the detection limit as 3σ of 0.039 Jy. In this spectrum, five spectral components were identified at V and could be an absorption line because of V lsr close to one of H2CO absorption line (Sewilo et al. 2004) . However, it is beyond the scope of this paper. The component G showed remarkable variability (filled circle in figure 3 ). The flux density of this component in a quiescent phase is usually below the detection limit of ∼0.9 Jy. This component, however, sometimes rises above the detection limit. The time-scale of the rise is two days or shorter in most cases, and the component decays within a few days, which could be called a "flare." Figure 4 shows representative spectra as a typical case for the flaring activities. There was no emission in the top panel observed on MJD 57105, and the component G was detected on the next day (MJD 57106) shown in the middle panel, while it disappeared three days later (MJD 57109) in the bottom panel. We have detected clear periodicity in this component, as described in detail in section 3.2. the component G. The maximum flux density of the component G during our monitoring was detected after the period when the components A-F were bright, suggesting also that those have poor correlation. In this paper, we mainly focus on the flaring activities of the component G.
Flux variability
Periodicity evaluated by Lomb-Scargle periodogram
We adopted the Lomb-Scargle (L-S) periodogram (Lomb 1976; Scargle 1982) to evaluate periodicity for the flaring activities of the component G. This is the most reliable method to search for periodicity in flux variations of the methanol masers (Goedhart et al. 2014) . In this paper, we regard an oversampling factor of 4 and frequencies with false-alarm probability ≤ 10 −4 as significant, which are the same manner as Goedhart et al. (2014) . The L-S periodogram adopted to all the data in MJD 56297-57408 is shown in figure 5 , with the power level of 15.4 in the dashed line that corresponds to the false-alarm probability of 10 −4 . To avoid any bias, we used one 5-min scan for each day during the intraday monitoring, measured at the same azimuth and elevation angles as the other monitoring in section 2.1 and 2.2. We evaluated the period of 23.9 days as the significant detection (the power level of 39.2), corresponding to the frequency of ∼0.0419 cycle day −1 . We evaluated calculation errors to be ±0.1 days from the frequency resolution in the L-S periodogram.
The derived period of 23.9 days was also verified from comparison between observed flaring dates MJD obs and expected ones from the periodicity. The expected flaring dates MJD calc were calculated by MJD calc = MJD0 + 23.9 · n [day], where n is an integer, and MJD0 = 57275.4 is the reference date estimated from the period II of the intraday monitoring. In the period II, it is difficult to define the accurate time when the component G reached its maximum on MJD 57275 (see figure 8b: relative MJD = 2), causing errors of ±0.5 days at most in the flaring peak timing. The expected flaring dates for 47 flares are shown as solid and dashed lines in the lower panel of figure 3 and summarized in table 2. Until MJD 56745, spectra were obtained every 9-10 days, and thus no observations were executed within three days of MJD calc for No. 2, 4, 8, 11-13, and 16. Also for the expected flares of No. 17-19 and 23, no observations were executed within three days of MJD calc due to unavailability of the telescope. These are denoted by the symbol "· · ·" in column 3 of table 2. By excluding these expected flares, we compared 36 flares to evaluate whether the derived period is reasonable. As a result, 67% (24/36) of the observed flares coincide with the expected flaring dates within three days (|MJD obs − MJD calc | ≤ 1 day: 14 flares, 1 < |MJD obs − MJD calc | ≤ 2 days: 6 flares, and 2 < |MJD obs − MJD calc | ≤ 3 days: 4 flares). On the other hand, no flares above 3.5σ were detected at the dates out of three days of MJD calc . The fact that the observed flares do not necessarily coincide with the expected flaring dates would not be attributed to the errors of 0.1 days in the L-S periodogram calculation and 0.5 days in the definition of the reference date MJD0. No correlation was seen between |MJD obs − MJD calc | and the periodic cycle n. The not necessarily coincidence can be attributed to the following two reasons: (1) Intrinsic difference in the time-scale of flux rising in the flaring activities may cause the difference of the observed flaring dates from the expected ones. Some flares might show the rising time over two days, one of which was observed in the period I of the intraday monitoring (see section 3.3). The peak timing of flares, therefore, might differ even in the case that the start timing of flares is same. (2) No observations in one day earlier or later than MJD calc , occurred even in the observational dates during the daily monitoring from MJD 56784 (No. 25, 26, (28) (29) (30) (31) (32) (33) (34) (35) 37, 38, and 47) , may cause 1 day error in the difference between observed and expected flaring dates.
Non-detection might be attributed to an intrinsic property of the flaring component G. In the cases of |MJD obs −MJD calc | ≤ 1 day, such as No. 7 and No. 14 in table 2, the non-detection is likely due to the absence of flare. The absence of flare is more strongly suggested in the period of more frequent observations . The variability of flare amplitude might be due to a saturation level of the flaring maser gas. The time variation of the line width of the flaring component G implies an anti-correlation with the flux density as shown in figure 6 . The line width in figure 6 is estimated as FWHM by the gaussian fitting, and the flare components brighter than the 5σ detection of ∼1.5 Jy are plotted, which are well fitted within errors of 10%. According to model calculations, the line width tends to be narrower as its intensity increases, as long as the maser is unsaturated (Goldreich & Kwan 1974) . Under the condition of unsaturation, the logarithm of the flux density, log F , is predicted to be proportional to the inverse square of the line width, ∆v −2 . The best-fit result using log F = A + B · ∆v −2 is shown in figure 6 , where the parameter B is 0.033 ± 0.002 while the parameter A is fixed as the upper limit in a quiescent spectrum of 0.039 Jy (see section 3.4). Our results may suggest that the component G in the flaring phase is still unsaturated. The unsaturated state might cause the variability of flare amplitude and result in the non-detection of some flares, whose peak flux density should be lower than the detection limit. For instance, No. 20 flare having very weak peak flux density of 0.57 Jy observed in the period 0 of the intraday monitoring cannot be detected with the 3σ detection limit of 0.9 Jy with the integration time of 5 min in the periodic monitoring (see section 3.3).
We conclude that the flaring activities of the spectral component G have regularly occurred with the period of 23.9±0.1 days at least in 47 cycles, corresponding to ∼1,100 days. The derived period of 23.9 days is the shortest one observed in the masers at around high-mass YSOs so far, compared to 29.5 days in methanol ), ∼2 yrs in silicon monoxide (Ukita et al. 1981) , 237 days in formaldehyde (Araya et al. 2010) , 25-30 days in hydroxyl (Green et al. 2012a) , and 34.4 days in water (Szymczak et al. 2016 ). 
Flux variability in the intraday monitoring
We present flux variability obtained through the intraday monitoring described in section 2.3. In the period 0, the flaring activities were detected twice in the component G, as shown in figure 7 . Each point shows the data obtained by the integration of all the data in each observational date. The integration time is ∼1.8 hrs (110 min close to the detection limit, on MJD 56751, and disappeared on the next day (MJD 56752). The second flare occurred on MJD 56774-56777. The peak flux density was 2.2 Jy, and an e-folding time for decay was estimated to be 1.3 days. ) show results obtained in the periods I-IV of the intraday monitoring, respectively. The flare of the component G was detected in all the periods. In the period I, the rising time to the peak flux density of ∼5 Jy was two days, and almost same days were spent for decaying, showing a symmetric profile of flux variability. On the other hand, asymmetric profiles were obtained in the periods II and IV. In the periods II and IV, the peak flux densities were ∼4.5 and 7.0 Jy. The rising time was two days, while the decay has the e-folding time of 2.7 and 2.6 days, respectively. In the period III, no decay part of flux variability was observed. The rising time to the peak flux density of ∼3.5 Jy was within one day, while the decaying time seems to be longer judging from figure 8(c), being suggestive of an asymmetric profile.
Interestingly, we detected the rising time accurately in the period III. No emission was detected from an integrated spectrum on MJD 57296 (relative MJD = 0 in figure 8c ) and from the first scan at 4:45:55 UT to the scan at 6:29:35 UT on MJD 57297. At the next scan at 7:09:00 UT on MJD 57297, the flaring component G was detected for the first time in this period above 3σ of 0.9 Jy with 5 min integration, and then it rose up. Although a turning point from rising to decaying was not detected on the next day (MJD 57298) since the maximum flux density in this period occurred on the first scan 4:27:00 UT, the rising time was stringently evaluated to be ≤ 21.3 hrs (1,278 min). This is regarded as an upper limit of the rising time of the flare.
Typical spectrum in a quiescent phase
In this section, we evaluate a ratio of the peak flux density in the flaring and quiescent (non-flaring) phases. The quiescent phase MJDq is defined by MJDq = MJD0 + 23.9 · (n − 0.5) ± 5 [days], where n is an integer, and MJD0 57275.4 is the reference date (see section 3.2). We also picked up data taken from the intraday periods 0-IV, even in the case of being observed at different azimuth and elevation angles to obtain the best detection limit.
As a result, a spectrum in the quiescent phase was obtained from 561 scans of 5 min duration, or ∼46.8 hrs (2,805 min) integration time in total (figure 9), under an assumption that the emission in quiescent intervals was stable. A detection limit (3σ) was achieved to be 0.039 Jy. Five components whose flux densities were 0.15-0.3 Jy were detected in the V lsr of 22- of the flaring component G (dashed line in figure 9 ). We concluded that the ratio of the peak flux density in the flaring and quiescent phases was more than 180 when the flare showed the maximum peak flux density of ∼7 Jy.
Comparison with other flaring sources
We compare the flaring activities detected in the 6.7 GHz methanol maser of G 014.23 to flares observed in other 6.7 GHz maser sources. First, in the point of view of the ratio of the peak flux density in the flare and quiescence, the flares at the component G in G 014.23 can be compared to a spectral component of V lsr = −5.88 km s −1 in G 351.42+00.64 (NGC6334 F: Goedhart et al. 2004 ) and those of V lsr = −1.32 and −0.55 km s −1 in Cepheus A (Szymczak et al. 2014 ). The spectral components in both sources showed ratios of the peak flux density in the flare of 170 and 240 in comparison with the quiescent phase. It is also similar that only a part of spectral components show remarkable flux variability. The time scale of the flux rising, however, is different, i.e., approximately two and one months in G 351.42+00.64 and Cepheus A respectively, while two days or less in G 014.23. Second, in the point of view of the time scale of the flux rising, the flares in G 014.23 can be compared to flaring activities of a spectral component of V lsr = 59.6 km s −1 in G 033.64−00.22 that showed the time scale of the flux rising of one day or less (Fujisawa et al. 2012 (Fujisawa et al. , 2014b . Ratios of the peak flux density in the flares of G 033.64−00.22 were, however, ∼7-27 in comparison with the quiescent phase and approximately one order of magnitude less than that in G 014.23. Finally, in the point of view of periodicity, the periodic flares in G 014.23 can be compared to periodic flaring activities detected in IRAS 22198+6336 that showed the period of 34.6 days (Fujisawa et al. 2014a) . Both the time scale of flux rising is comparable as short as two to three days or less. A ratio of the peak flux density in the flare of IRAS 22198+6336 was, however, more than 30 in comparison with the quiescent phase, i.e., one-fifth of the case in G 014.23, though it might be affected by poor detection limits (3σ) of ∼1.3 Jy in observations for IRAS 22198+6336. Furthermore, periodic flares occurred on all the spectral components with the time lag of two days in IRAS 22198+6336, while on only the single spectral component G in G 014.23.
We concluded that the flaring activities detected in G 014.23 are remarkable phenomena because of the large ratio of the peak flux density in comparison with the quiescent phase, the short time scale of the flux rising, the occurrence on just one spectral component, and the short periodicity.
Discussions
We discuss possible mechanisms to explain the intermittent periodic flares in the component G of G 014.23, including their ratio of the peak flux density more than 180 in the flaring and quiescent phases, the time scale of the flux rising as short as two days, either the symmetric or asymmetric profile in each flare, and the period of 23.9 days.
It was reported that interstellar scintillation caused flux variability on the time scale as short as minutes observed in hydroxyl masers (Clegg & Cordes 1991) . This model, however, explains amplitude fluctuations with at most 20% and is not suited to the flares in G 014.23. Furthermore, if the scintillation causes the flares, all the spectral components would show flux variability with the same pattern. Therefore, the flares were not caused by interstellar scintillation.
The amplifying effect by overlapping two maser clouds along the line of sight (Deguchi & Watson 1989) could cause flaring activities and explain distinct ratio of flux densities with one magnitude or more brighter in comparison with quiescent phases. This effect was verified toward the outburst of the 22.2 GHz water maser in Orion KL (Shimoikura et al. 2005) . The period of 23.9 days, however, is too short unless the maser emission would directly originate from the circumstellar disk in Keplerian rotation. Assuming that the central mass is 3.3 M⊙ (Povich & Whitney 2010) and 8 M⊙(typical one and the lower limit as a high-mass star), the period of 23.9 days is achieved at the radius of 0.2 and 0.3 au in the Keplerian disk, respectively. At these radii, the dust temperature T dust should be higher than 1,000 K that is out of range for the 6.7 GHz methanol maser excitation 100 K ≤ T dust ≤ 300 K (Cragg et al. 2005) . Therefore, the overlapping model was not applicable to the periodic flares in G 014.23 with the period of 23.9 days.
The magnetic reconnection around a central star can release the energy to heat the gas and dust localized at a flaring area and explain flaring activities with rising time scale of a few days or less, such as ones in G 033.64−00.22 (Fujisawa et al. 2012 (Fujisawa et al. , 2014b . The periodic flux variations persisting at least in 47 cycles as shown in the lower-panel of figure 3 and table 2, however, can be hardly explained by the magnetic reconnection.
The stellar pulsation of a high-mass YSO can produce the periodic flux variability through the change of dust temperature in the maser clouds (Inayoshi et al. 2013) . All the spectral components should be affected in this pulsation model. The model of combining a constant and an independent pulsating YSOs is suggested to explain a periodic flux variation occurred in part of the components (Sanna et al. 2015) . However, it is difficult to produce the intermittent pattern because the pulsation is driven by the κ mechanism (van der . Therefore, the periodic flares in G 014.23 that occurred only on one component G showing the intermittent pattern cannot be explained by the pulsation model. The circumbinary disk model is also proposed to explain the periodic variability in some methanol sources through variations of the dust temperature (Araya et al. 2010) . However, this model is not suited to the periodic flares in G 014.23 since it is difficult to cause periodic variations toward only one in seven spectral components as in the case of the pulsation model.
The CWB model can produce the intermittent flux variability through the periodic change of the seed photon flux caused by periodically forming shocks at periastron due to collision of stellar winds van der Walt 2011) . The ionizing radiation that originates from the shocks propagates through an H II region and changes the electron density resulting in periodic variability of the free-free emission. There has been a non-detection of an H II region in G 014.23 with typical rms noise level of ∼0.3 mJy beam −1 from the unbiased catalog for H II regions made through the CORNISH survey project (Co-ordinated Radio and Infrared Survey for High Mass Star Formation: Hoare et al. 2012; Purcell et al. 2013 ). The highsensitivity survey (rms levels of ∼3-10 µJy beam −1 ) using the Karl G. Jansky Very Large Array (JVLA), however, detected weak and compact radio continuum emissions toward 58 highmass star forming regions, most of which were non-detections in the CORNISH (Rosero et al. 2016) . Although the YSO associated with G 014.23 whose evolutionary phase is classified into the stage 0/I may be too early to form H II regions, we need to conduct a high-sensitivity observation using the JVLA for verification whether an H II region exists in G 014.23.
The dust temperature variation of the accretion disk around a protobinary caused by periodic rotation of hot and dense spiral shock wave in the disk central gap (Parfenov & Sobolev 2014) might be another candidate for explanation of the periodic flares in G 014.23, although some properties of this model might be improved in the suggestion by van der Walt et al. (2016) . This model can cause a flare toward only maser components localized along the line of sight between the central YSO and the maser-emitting region, which are illuminated by the hot component associated with the spiral shock as an extra heating source. The extra heat results in increment of column densities suitable for the maser excitation and amplifying a maser. The spiral shock is periodically rotated by the binary system and thus can cause periodic flares of the maser. It was noted by van der Walt et al. (2016) that the spiral shock model could not account for the intermittent pattern in periodic variations due to a tail of the shock. This issue could be resolved by replacing the extra heating source of the spiral shock with a shock formed by the CWB system within the disk central gap. Another issue noted by van der Walt et al. (2016) was that the luminosity of the spiral shock might be too low to play a role as the extra heating source. This issue was predicted from densities of gases in the gap region and of postshocked gases in the spiral shock at least five orders of magnitude lower than that used in the spiral shock model, which were estimated from a hydrogen density at the inner edge of the circumbinary disk assumed by Parfenov & Sobolev (2014) . The same issue occurs even in the case of an improved model by replacing with the shock by the CWB (van der . The issue of the low luminosity is unresolved, but this may be overcome under the unsaturated state (see section 3.2 and figure 6), causing strong flux variability by a bit of increment of column densities expected from the exponential relationship with the path length of the masing gas.
To evaluate applicability of the shock model by the CWB within the disk central gap, we estimated the orbital semi-major axis of the binary to be 0.26 and 0.34 au from the period of 23.9 days in the case of the mass of a central primary YSO 3.3 M⊙and typical high-mass star of 8 M⊙with the companion mass of 1 M⊙, respectively. The orbital semi-major axis never interferes with the primary star having the radius of 0.07 and 0.08 au estimated in the case of the mass of 3.3 and 8 M⊙, respectively, under the condition of the mass accretion rate 10 −4 M⊙ yr −1 (see equation (13) of Hosokawa & Omukai 2009 ). In the point of view of time scale of the flux rising, the dust in the maser emitting region in the disk is heated mostly by a diffuse emission from the ionized gas within the inner disk regions that in turn is re-processed stellar and shocked gas radiation. The diffuse emission produces the heating rate of order of 10 −13 erg s −1 cm −3 , resulting in the time scale of the order of a few hours for increasing T dust by 10 K (Parfenov & Sobolev 2014) . The time scale for increasing T dust by 100 K, therefore, is expected to be a few tens of hours, which is comparable to the time scale of the flux rising for the flaring component G, i.e., 21.3 hrs (1,278 min). While the profile of the flare in the period I of the intraday monitoring is symmetric with respect to its peak, those in the periods II and IV (and possibly in the period III) are asymmetric. These differences might be attributed to an inclination angle of the binary suggested in three-dimensional numerical models (Sytov et al. 2009 ). In the numerical model, the variation profile of the column density depends on the inclination angle of the binary, possibly shaping the profile of flares. Both symmetric and asymmetric profiles might happen if the inclination of the binary is close to the critical value for the inclination. To verify the inclination angle, we plan to obtain a spatial distribution of the maser emissions in G 014.23 through a very-long-baseline-interferometry (VLBI) observation. For instance, if we obtain elliptical morphology, the inclination angle can be estimated under an assumption that all the masers are distributed on a concentric circle in a disk.
We conclude that the models of the change in the flux of seed photons by the CWB system or the variation of the dust temperature by the CWB shock within the disk central gap, in which the orbital semi-major axes of the binary are 0.26-0.34 au, might explain all the characteristics of the intermittent periodic flare of the component G in G 014.23: the ratio of the peak flux density in the flare was more than 180 in comparison with the quiescent phase, the time scale of the flux rising was as short as two days or less, the flare was decayed with either the symmetric or asymmetric profile in each flare, and the period was short as 23.9 days.
Summary
We presented periodic and flaring flux variability of the 6.7 GHz methanol maser emission detected in the spectral component G (V lsr = 25.30 km s −1 ) in G 014.23−00.50 through a long-term and highly frequent monitoring using the Hitachi 32-m radio telescope. The flaring activities have regularly occurred with the period of 23.9±0.1 days at least in 47 cycles from 5 January 2013 to 21 January 2016 (MJD 56297-57408), corresponding to ∼1,100 days. The period of 23.9 days is the shortest one observed in the masers at around high-mass YSOs so far. The flaring component normally fell below the detection limit (3σ) of ∼0.9 Jy. In the flaring periods, the component rose above the detection limit with the ratio of the peak flux density more than 180 in comparison with the quiescent phase, showing the intermittent periodic variability. The time-scale of the flux rising was typically two days or shorter, and the flaring components were decayed with either symmetric or asymmetric profile, which were revealed through the intraday monitoring. These characteristics might be explained in the models of the change in the flux of seed photons by the CWB system or the variation of the dust temperature by the CWB shock within the disk central gap, in which the orbital semi-major axes of the binary were estimated to be 0.26-0.34 au.
